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COMPARATIVE RESEARCH ON THE QUALITY
OF AUTOMOTIVE STATORS CONDUCTORS WELDING OBTAINED
THROUGH BRAZING
AND TIG WELDING METHODS

CpaBHI/ITeJ'IHO H3CJICABAHC KaUCCTBOTO HAa 3aBAPCHOTO CHbCANHCHHUC NIPU CICKTPOCBIIPOTUBUTCIIHO U

CJICKTPOABIOBO 3aBapsABAHC HA CTATOPUTC HA CIICKTPOIrCHCPATOPHU

PhD, P. Eng. Pushev G.%, Chief Assistant Velev S.}, Prof. Dulgerov N.?

M & T 2001 Limited*,IMS-BAS?

tony_velev@abv.bg

Abstract:The goal of the project is to compare the quality of automotive stators conductors welds produced by means of
Brazing and TIG welding. As a result of the performed experiments and microstructural analysis of the welded joints, we
have been able to prove the advantages of the brazing method over the TIG method.

Keywords: CONDUCTORS, HYBRID STATORS, BASKET OF STATOR.

Introduction

It is well known that the quality of the welding
process is of critical importance for the quality of the
starters armatures and alternators stators. The goal of
this research is to study the most popular welding
methods applied in welding the stator conductors and
the armature commutator.
The most popular welding methods applied for this
purpose are the TIG and the brazing welding methods.
The laser method has not been under consideration due
to information from some users about serious doubt for
danger to the operators’ health. The TIG method is
realised by using a very high temperature (the arc
temperature reaches up to 10,000 °C) and an inert gas
for protection, usually argon, needs to be used. The
brazing method is realized by 720 °C and an additional
material - a Sil-Fos band (85% Cu and 15% silver).

Experiments for conductors welding process

The goal of these experiments has been to study
the welded joints of the conductors and to compare the
resulting strength between the TIG method and the
brazing method (copper-silver 15% band). The cooling
during the brazing welding is carried out by water or by
an air-powered "Vortex Tube cooler". The experiment
was to study the strength of the welded seam by using
destruction of the welded connection by a test machine.
(See Fig.1-2)

e The tensile test results (table 1) have
shown that the brazed joint is 30%
stronger than the joint realized by
TIG welding. The joint obtained by
the brazing method is stronger than
the base metal. This joint always tears
away from the base metal directly to
the welded joint. See Fig.3.

Reliability of the welded joint obtained by the

brazing method

The metallographic analysis of the welded joint
by employing brazing method has shown that it is solid
and without pores or hot cracks. The welding layer is
without cracks and inclusions. Please refer to Fig.4-5 for
the metallographic photos.

Reliability of the welded joint obtained by the
T1G method

For the analysis, the metallographic pictures of
samples obtained by the TIG method have been studied
under an electron microscope. (Fig.6-7).

The metallographic analysis of the TIG welded joint has
shown:
e coarse crystal structure in the welding zone

(Fig.8)

e non-metallic inclusions (Fig.9)



e the welding zone is not solid and has big pores.
Please refer to Fig.9-10 for the metallographic
photos.

Furthermore, the analysis of the obtained results
shows that the TIG welding has many disadvantages
compared to the brazing method. The most important are:

e TIG welding method - The high welding
temperature makes the copper very aggressive
and helps for the formation of pores in the
welding area; in brazing method the welding
temperature is 720 °C and such pores have not
been found. This result explains why the
strength of the brazed joint is almost two times
stronger compared to TIG.

e TIG welding method — can easily go out of
control, while the brazing method can be
controlled very precisely.

e TIG welding method - a very expensive
method, compared to the brazing method!

e TIG welding method — lack of consistency of
the welded joints.

Fig.1 Destruction process of the samples on the test
machine to determine the strength of the welded joint.

e TIG welding method - very difficult to repair
wrong welds compared to the brazing method.

e TIG welding method - there is a safety
concern; the high temperatures cause unhealthy
emissions, thus are posing higher health risks!
Also, it is bad for the environment.

We have made a comparison in the electro resistance
of the stator conductors ends welding. The comparison is
between two of the most popular welding methods:
brazing and TIG. Please see below in the table 2 obtained
results. All measurements of the electrical resistance have
been made by a precision ohmmeter. The results of the
experiments unambiguously indicate that the brazing
process has less electrical resistance, respectively less
electric and thermal losses. These measurements have
been performed at room temperature, but it is known that
the losses will increase with increasing the ambient
temperature.

The gathered results unambiguously show the
advantages of the brazing method compared to the TIG
method.

Fig.2 Recording the extension during the sample
demolition for creating a stress-strain diagram.



Fig.3 The sample after tearing. Fig.6 Metallographic sample of weld obtained by TIG
welding

Fig.7 Metallographic sample of welded joint obtained by

Fig.4 Metallographic structure of welded joint brazing method

Fig.5 Metallographic structure of welded joint Fig.8 Crystal structure in the welding area



Table 1

TENSILE TEST OF WELDED JOINT

BREAKINGFORCE ~ Pmax (daN)

TIG WELDING BRAZING

80 103

Table 2

Sample Brazed TIG
# Q2 Q2
1 102 117
2 105 114
3 100 116
4 97 114
) 102 114
6 105 113
7 98 116
8 99 117
9 98 112
10 102 115
11 106 117
12 99 113
em=l 13 102 115
Fig.11 The microstructure of TIG welding layer | 14 106 117
15 107 115
16 99 112
Average | |101,6875 | 114,8125
Range 10 5




STUDY OF RESISTING MOMENT INFLUENCE ON OPERATION OF HIGH-
VOLTAGE INDUCTION MOTOR PUMP ELECTRIC DRIVE
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Abstract: Paper deals with dynamic behavior of powerful electric drive for pump unit. The practical application of these electric drives
is diverse. In industry they drive a wide range of mechanisms connected to them. Some of them are pumps with varying degrees of security
for thermal or nuclear power plants. The nature of the flow of transient processes in the electrical machine often determines the behavior of
the entire system, an element of which is the machine. As a result the values of the energy losses components in the induction motor have
been obtained according to different values of initial resisting moment. Some of the study results have been presented graphically. An
analysis has been made and conclusions from the results obtained have been done.

Keywords: HIGH-VOLTAGE TECHNIQUES, INDUCTION MOTOR DRIVES, ELECTRIC MACHINES, MODELING, ENERGY

CONVERSION

1. Introduction

Electricity represents one-third of all energy consumed aroud
the world. Growing energy prices are causing the industry and
consumers to rethink things. Therefore the future belongs to
solutions for low energy consumption in the sector of industrial
plant. So the challenge is to develop a wide spectrum of energy-
efficient solutions [1].

Induction motors with squirrel-cage rotor are the most common
type motors. They are cheap, with the most simple and reliable
construction and easy maintenance. The absence of collectors and
brushes eliminates largely the conditions of arcing and makes them
suitable also for fire and explosive environments.

The shape of the torque-speed characteristics makes induction
motors with squirrel-cage rotor particularly suitable for drive
centrifugal pumps with a quadratic dependence of resisting torque
versus angular speed align naturally with the mechanical
characteristics of the electric motors. The shape of mechanical
characteristic varies depending on the structure of the rotor. Double-
cage motors have a higher starting torque, which makes them more
suitable for loads with a relatively large initial resisting torque and a
relatively larger mass.

If the initial resisting torque of the load is significant, or that its
mass is so large that time for acceleration is unacceptably high, the
outcome is either to use a more powerful motor with cage rotor,
which is oversizing, or use another type of motor.

In assessing the economy of an electric drive in the first place
should take into account the loss of power and energy that occur
when operating the mechanism driven.

2. Features of medium voltage electric drives for
pump units

Broadly speaking, the drive of medium voltage (MV) is used in
high power driven load. For units with high power has a margin of
capacity in the range 500-10000 kW and more.

Currently it is well known widespread shift towards more
efficient technical solutions for reducing consumption of energy and
the losses during operation.

Subject of research is calculating the parameters of movement
and dynamic loads of widespread mechanism - a centrifugal pump.

There are several hundred identifiable types of pump design
tailored for varying volume throughputs and delivery heads, and
including many specialized designs for specific fluid applications.
The most common type, accounting for perhaps 80 per cent of fluid
transfer applications, is the broad ‘centrifugal pump’ category [2].

Hydraulic machines as appearing pumps have been significant
development and application in all areas of life. Working hydraulic
machines convert mechanical energy into potential and Kinetic
energy of certain quantities of a fluid. Most often they are powered
by electric motors.

Usually this type of electric motors are running under constant
load indefinitely, reaching a thermal steady-state condition, i.e.
continuous duty S1 [3].

Resisting torque of each turbo-mechanism is derived from the
aerodynamic (or hydraulic) torque and resistance torque determined
by mechanical resistance (friction in the bearings, gears and in
others.).

With some approximation it can be considered that between the
shaft torque and the rotational speed of centrifugal pumps a
correlation exists T~w?. Practically speed exponent varies between
2-6 for different structures and working conditions that need to be
considered when selecting electric drive. Specified limits are
determined at the pumps by the presence of static head. In general,
the mechanical characteristic feature is the significant reduction in
resisting torque in reducing angular speed. It should be borne in
mind and even landed turbo mechanism has a significant
aerodynamic drag and consequently the shaft torque constitutes at a
rated speed of about 40% of the nominal. When calculating the
starting characteristics of such electric drives is not recommended
initial resisting torque be taken for less than 25% nominal static
resisting torque of turbo mechanism. For most pumps the power,
and hence the starting torque is less than 50% of the nominal value.

The pumps usually are started at closed throttle valve in the
pressure line, i.e. while placing flow is 0. This method of starting in
most cases is to eliminate bumps and pressure pulsations in the
hydraulic system. Starting at closed throttle valve in the pressure
pipe as a rule eases and conditions of employment of the drive
motor.

Once the pump is put into operation, it should not work in a
closed valve more than one to a few minutes, because liquid is
heated, and the individual parts, thereby reducing clearances and
risk of seizure arise. There is also the danger of damage to the shaft
seal.

The correct clearances and fits are a basic but important part of
a pump’s fitness for purpose. The importance of obtaining the
accurate dimensions, particularly on bore diameters, increases with
pump size [2].

In the cases of non-compliance for placing pumps in operation,
receiving an overload of electrical motors, which drive them, and
very often they are burned.

The power of the motor which drives the pump is usually
chosen slightly larger (by 10-20%) of the power to drive the turbo



machine at its nominal operation. The need for such stockpiling
having the kind of characteristic of her that turbo machines are
often used for work in modes other than the nominal.

Losses in turbo machines are three types: hydraulic, volumetric
and mechanical. The hydraulic losses are obtained by fluid flow
through the machine. Volume losses represent the amount of any
omission of flow from the machine outside and flow that returns
from the pressure to the suction side of the machine. The
mechanical losses are the result of mechanical friction between
stationary and rotating parts of the machine, such as friction
bearings and sealing box. All these losses have an impact on the
pumps efficiency.

It's necessary coordination of the operating point of the motor
for normal operation of electric drives. It consists in that the
operating point of the motor, i.e., the intersection of the
characteristics of the torque of the motor and load to be located near
or slightly below the point with coordinates 'rated torque - rated
speed'. In this way it is ensured motor cooling - on the one hand, the
losses emitted in the form of heat are within the design, on the other
- the speed of rotation of the cooling impeller mounted on the shaft
of each standard induction motor, it is sufficient to provide design
flow of air.

Important is the motor type - with induction motors with
squirrel-cage rotor heat is released completely in the machine itself.

It is also taking into account mechanical shocks during start and
ripple of the load. Any abrupt change in torque, either from the
motor or from the side of the load, leading to mechanical stresses
and fatigue in the shafts. Also, for pumps abrupt changes in torque
can lead to hydraulic shocks in the system. This is one of the
factors, along with thermal overload and increased energy losses in
frequent releases to prefer methods with soft start, such as placing a
soft starter or frequency converter. The last one provides an
additional advantage - it can cover changed in resistive load during
operation and also allows quick passage through any resonant
frequencies at start and avoid work at these frequencies.

By the way in industry 80% of operated machines have no
requirements for maintaining accurate torque and speed, but only a
fraction of the drives require work at very low speeds or high
performance regulation.

The need for speed control is evident when itself technological
process requires it. But there are other cases where such adjustment
is appropriate. For example in circulating centrifugal pumps in
systems with small static head, reducing the speed, respectively,
flow rate by 20% results in a reduction of power consumption by up
to 50%.

The greater is the static head in the system, the smaller the
economy, but still have it. Therefore, where the technological
process enables a reduction in productivity using frequency
regulation can be implemented very large energy savings.
Additional savings, including by increasing the lifetime of the
equipment come from a change in the cycle of work — less frequent
starts and stops at a lower flow rate.

Methods for starting and control the rotational frequency [4]

Direct starting is undoubtedly the simplest and cheapest
method, as long as the power system and the characteristic of the
load to allow it.

In the starting methods using start with reduced voltage is
achieved reducing starting current, but also an even greater
reduction in starting torque. Thus these methods are applicable to
loads with low initial resisting torque.

Applicable are also and non-electrical means for regulation of
the resisting torque of the load. One possibility is the starting of
centrifugal pumps with closed pressure pipe-line and gradually
opening after acceleration the motor. The method is applicable to
both synchronous and induction motors, provided that the

technological process allows it. It must be selected suitable
plumbing fittings or used pumps with controllable steering system,
which is appropriate only for large capacities. Regulation of the
pumps performance in a continuous duty in this way is inadvisable
because it is accompanied by losses and wear of the hydraulic
equipment.

Another possibility is to use a hydraulic clutch. It allows to
modify the speed of the mechanism driven, not amended the
rotational speed of the motor. When it is typical that in the initial
moment of acceleration motor is loaded only with internal
resistance of the clutch. With the rise in motor speed increases the
amount of hydraulic fluid pumped to the clutch impeller and
thereby increasing motor torque applied to the load. The selection
of characteristics of the hydraulic clutch so as to fit the mechanical
characteristics of the load is a complex engineering task. In
operating mode after accelerating the motor to the rated speed,
clutch remaining work, as has its own slip, causing heat in it and
respectively — energy losses. The hydraulic clutch is capricious
device that requires maintenance. All these shortcomings make its
use more rarely.

Frequency converter control still remains relatively expensive
method for induction motors with squirrel-cage rotor MV, but with
significant advantages over other methods of starting and especially
to regulate the speed in operation:

« Frequency converters provide start, stop and speed control ranging
from 0 to over-synchronous speed; occupy relatively little space and
have small losses.

« Hold most flexible starting characteristics suitable for all loads.

« Completely missing abrupt changes of current and torque typical
for moments of switching to other starting methods.

« Even with drives where technology does not require a speed
change during operation in some cases frequency converters can
implement substantial energy savings by reducing operating speed.

« They are not sensitive to the parameters of the scheme as other
starting devices, so that the selection of apparatus is not so
complicated task and tolerate future changes in the pattern,
including the replacement of the motor.

A specific problem of frequency drives are high-voltage peaks
fed to the motor. These peaks arise from the trapezoidal shape of
the output voltage pulses of inverters with PWM, which have very
steep front (high dv/dt).

High frequency surges increase the risk of disruptive voltages
and vagabond currents in the shaft and breakthroughs in motor
bearings. These phenomena lead to overheating and arcing occurs
and an electric arc, disrupting the bearings.

3. Mathematical model

Transient processes when starting a powerful electric drive of
pump unit are considered. Speed variations depends on the total
torque of inertia of the rotating masses [5].

In studies we use the parameters of the T-shaped equivalent
circuit of the motor which are determined by calculation
methodology of the manufacturing company to slip s = 1.

The electric motor, the object of development, is induction motor
with double-cage rotor, produced by IHB Electric JSC, Bulgaria.
whose technical data and parameters at slip s = 1 are given in the
Appendix.

We transform the three-phase system into a two-coordinate
system. The equations for the voltages of the windings of the
induction machine are represented in a coordinate system rotating at
the synchronous rotational speed. Using this coordinate system
provides the convenience that the system of differential equations
attend important parameter of the induction machine slip s.

The complete system of differential equations representing
mathematical model of electromechanical system of electric drive
for pump unit consists of five equations. After converting equations
for voltages of windings and presenting expressions received in the



form of Cauchy, for ease of solving them, we get four equations to
model stator currents. Fifth equation is fundamental relationship
between torques, so called equation of motion [6]. It includes torque
developed by the electric motor and resisting torque of the pump
unit. Engineering accuracy requirements in studying the dynamics
of the pump unit driven by induction motor, fully able to meet with
using one-mass dynamic model. The torque-speed characteristics of
pumps are often approximately represented by assuming that the
torque required is proportional to the square of the speed, giving
rise to the terms ‘square-law’ load [7].

The total moment of inertia of the electric drive Itg7 is set by
means of factor of inertia Fl as

ltor =FIxIy 1)
where

I, rotor moment of inertia.

We use system relative units participating in the equations
values. In this system voltages, currents, power and parameters are
expressed in parts of the underlying values of those variables. As
basic values are nominal values of current, voltage, power, torque,
speed, resistances. Amending the scale of time using relatively time

T =yt —e.g. time in relative units.

Below are outlined the various components of energy and
energy losses during starting and steady-state regime of the
induction motor.

Adopted energy from the grid in starting mode is:

an-1 an-1 an-1
Wsr = X [(Pak )n]+ 2 (Pbk )n + 2 [(Pck >n] @
k=0 k=0 k=0
a1 — number of point of the time axis, which lasts until
the transient process.
Pak, Pak, Pak — power consumed respectively by

phase A, phase B and phase C.
Adopted energy from the grid at steady state mode is:

n-1
Wss= S [Py + Py + P 0 -1 -t,] ®
k=an_1
ot —adiscrete of time axis in seconds;
t, — duration of the transient process in seconds.

The energy losses in butts (frontal connections) in starting mode
are:

i =051 i, P+ P+ P @

I, — resistance of one phase of the stator winding;

l4, Iy, I, —phase stator currents.

The energy losses in butts (frontal connections) in steady state
mode are:

Wiss = 0-5"1k nil [(I ax )2 * (Ibk )2 + (ICk )2]'5t ®)

=an-1
The energy of moving parts and effective work in starting mode
is:
2
WMMST = 05\]6()0 +T|_a)btan_l (6)
J - total inertia moment of the electric drive;
wy — rated circular frequency; T -

torque, Nm
The energy of moving parts and effective work in steady state
mode is:

resisting

o] @)

k=an_q

Whnmss =

Heat released in motor in starting mode:

Whst =Wst =Wymst ®)
Heat released in motor in steady state mode:
Whss =Wss —Wnmss ©)

4, Results obtained

Solving of differential equations system which describes the
dynamic behavior of pump electric drives is a complicated task.
Because of this reason there is a need of applying of numerical
methods for integrating in combination with micro-processor
devices.

To solve the differential equations system the software
MathCad® of Parametric Technology Corporation (PTC®) has been
used and specifically laid down therein functional method
"Rkadapt" - method for solving differential equations with adaptive
size of approximating step.

The format of the function in method mentioned is:
Rkadapt(y,xy,X,,npoints,D)
y - vector of initial conditions;

X1,Xo - points defining the boundaries of the range, which
will seek a solution of differential equations. The initial conditions
set out in y concern at point x;;

npoints - number of points in the given interval, which
will be carried approximation;

D - vector of the right side of the system differential
equations containing the first derivatives of the unknown variables
/functions/.

Using the proposed mathematical model, the components of
energy losses have been calculated in case of different values of
initial resisting torque and factor of inertia. Some of the results
obtained are presented in the paper — Table 1, Figure 1 and Figure 2.

Table 1: Influence of initial torque and factor of inertia FI

TINIT* FI WSTy WSS: WlSTy W].SSy WMMST; ’VMMSSy WHST: WHSS;
,| x10™ | x10™ | x10°% | x10° | x107 |x107 |x10™ | x10%
S |Joule |Joule |Joule | Joule | Joule (Joule | Joule | Joule

2.0 |4.755 | 3.401|4.017 |2.275| 0.903 | 6.811 |8.820 | 3.400| 4.016

2.5 3.693 | 2.825]4.893|2.632| 0.997 | 6.575 9.735 | 2.825| 4.892

0.2 [3.53.376| 3.008/5.171|3.188] 1.025 | 7.659 ]0.010|3.007| 5.170

4.5 3.341 | 3.351|5.202 |3.647| 1.028 | 8.985 10.040|3.350 | 5.201

5.5(3.424 | 3.788|5.129 |4.053| 1.021 |10.410 [9.968 | 3.786 | 5.128

2.0 |4.850 | 3.509|3.942|2.294| 0.895 | 6.894 8.739 | 3.508 | 3.941

2.53.702 | 2.851|4.885|2.650| 0.996 | 6.583 9.727 | 2.850 | 4.884

0.25|3.5 |3.385 | 3.037|5.162 |3.210| 1.024 | 7.667 [0.000|3.036| 5.161

4.53.350 | 3.383|5.194|3.672| 1.027 | 8.994 |0.030|3.382| 5.193

5.53.435| 3.826/5.119 |4.082| 1.020 |10.420 |9.959 | 3.825| 5.118

2.0 14.943 | 3.614|3.8712.312| 0.887 | 6.973 |8.660 | 3.613| 3.870

2.53.710 | 2.875/4.87812.668| 0.996 | 6.590 9.721 | 2.874| 4.877

0.3 [3.53.396 | 3.067|5.153|3.233] 1.023 | 7.676 9.991 | 3.066 | 5.152

4.513.361| 3.417|5.184|3.698| 1.026 | 9.003 |0.020|3.416 | 5.183

5.5 3.447 | 3.867|5.1074.112| 1.019 |10.430 |9.948 | 3.866 | 5.106

2.0 14.954 | 3.664|3.862|2.344| 0.886 | 6.983 |8.651 | 3.663 | 3.861

2.53.726 | 2.924|4.864 2.706| 0.994 | 6.603 9.708 | 2.923 | 4.863

0.4 3.53.419] 3.128|5.133|3.278] 1.021 | 7.696 [9.973 |3.127| 5.132

4.5 |3.384 | 3.487|5.164 |3.752| 1.024 | 9.023 10.000| 3.486 | 5.163

5.53.473| 3.950/5.0854.172| 1.016 |10.460 |9.928 | 3.949 | 5.084

2.0 14.887 | 3.644|3.9142.378| 0.892 | 6.925 |8.710 | 3.643| 3.913

2.53.839 | 3.065[4.767|2.744| 0.984 | 6.701 |9.612 | 3.064 | 4.766

0.5(3.53.438 | 3.187|5.116|3.325| 1.020 | 7.712 9.958 | 3.187| 5.115

4.5 |3.525 3.700|5.039 |3.808| 1.012 | 9.145 [9.883 | 3.699 | 5.038

5.5 (3.498 | 4.035/5.062 |4.233| 1.014 |10.480 [9.907 |4.034| 5.061
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5. Conclusions

The operation of the complex system of production unit — motor
has been studied. Following work on the model of the mechanical
system - pump in coordination with the rated mechanical
characteristic of induction motor is obtained function w=f1), it
appears slip of an induction motor s=f(t), which determines the
nature of its dynamic load. All values are presented in the time
domain.

Dynamic changes are determined by the balance of torques, i.e.
when the load increases on the motor shaft slip increases, which
decreases the reduced active rotor resistance, which increases the
current in the rotor, and hence the torque of the shaft, i.e. all
variables related to the features of an induction motor follow the
dynamic changes of slip.

Confirmed the assertion that the selection and sizing of the
drive system is influenced by the range of variation of static torque,
which is the ratio of static torques at minimum and maximum
loading of mechanism (usually calculated at nominal speed).

The mathematical model developed in the paper helps to
examine the transient processes when starting a powerful electric
drive for pump unit. The mathematical model developed makes it
possible to determine the proper design and selection of mechanical
parameters in order to achieve customized requirements.

The energy losses in butt joints in starting mode napacrtsar ¢
HapacTBaHero Ha Factor of Inertia FI.

The heat released in motor during starting e Haii-manka npu
Factor of Inertia FI=2.5, koeTo ce siBsiBa ONTHMAaJICH BAPUAHT.

Acceleration time depends to a greater extent from the value of
the inertia moment of the electric drive as a whole and, to a lesser
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extent by the value of the initial resisting torque of the pump unit
driven.

The acceleration time is directly proportional to the load inertia
moment, including the rotor of the motor and the inversely
proportional to motor torque. If the motor can not provide a big
enough motor torque and acceleration time becomes too large, it
can lead to motor overheating due to overcurrent.

The detailed study of electromagnetic and electromechanical
transient processes makes possible the most rational design of
induction electric drives.

Appendix

INDUCTION MOTOR DATA AND ELECTRIC
EQUIVALENT CIRCUIT PARAMETERS

Description Data

Rated power ( Pyeq ) 2850 kW
Rated stator voltage (V,eq ) 6000 V
Operating frequency (f) 50 Hz
Line stator current (1) 335.841 A
Rated torque (T,,.4) 27442 Nm
Pole pair number 3
Rotor speed (N,) 992.263 rpm
Power factor 0.845
Rotor torque of inertia (l,) 275 kgm?
Stator resistance r; 0.05Q
Rotor resistance r,’ 0.062 Q
Stator leakage reactance x; 0.957 Q
Rotor leakage reactance x,’ 2.237Q
Magnetizing reactance X, 34.826 Q
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Abstract: We grounded the motivation of students to develop and use catalogue in their work. Examples with family planetary reducers
are given and the construction of safety over flow valve is discussed as well as its rotor eccentric crusher in mine industry. A 3D model of
rotor crusher is presented with the catalogues numbers of crushing and flywheel head. We made computer investigation of repercussion
plates of crusher and their static movement. The results are analysed and recommendation are made about improvement of construction. A
conclusion about relationship between competitive power of products and quality of training in higher technical education was made.

Keywords: COMPUTER DESIGH, CATALOGUE MATERIALS, FINITE ELEMENT METHOD, ECCENTRIC CRUSHER

TYPE,

1. Introduction

The continuous improvement of produced product quality and
their competitive power is one of the important criteria for
formulation and realization of firm strategy. For this purpose of
control of quality find greater application during the last years of
our country. This is based on the concept for evaluation of
conformity with European market, because the introduction of a
system for control of quality guarantees products conformity. On
the other side the product proposed to the market must satisfied the
needs of consumers to have competitive power. This is based
mainly on the continuous development of consumers needs because
of which the product quality is a developing category. Therefore are
given product remains with high quality until an analogous products
satisfying completely elements needs appear in the market [12, 15].

If is assumed that the consumer has sufficiently good choice
them his evaluation for the quality is reliable. But the purchasing
power is determined not only by quality but also from the price,
which determines its competitive power. For this reason the use
various firms strategies is recommended. On the base of strategy
developed by Reichwald and Piller for open innovations,
individualization and new forms of division of labor might be
generated chain of arguments [15]. According the authors [2] these
arguments may lead to concrete proposals for better technical
decisions and markets parameters of the product.

Regarding the design production and marketing of created
product the technology Product Life Management (PLM) must be
needs it allows improvement of quality, reduces the price and them
until the product let out to market [16].

This requires qualified technical and non-technical specialists
for time work which must be ensured by our universities. They must
developed their qualification on the principle “Learning a live time”
in order to be able to work on suitable positions in modern
productions [8, 14].

In the present work we treated on problems for motivation and
training students in professional qualification on machine and
general engineering for computer design of mechanical products.

The main problems are:

»  Analysis of computer design of mechanical drives and
equipment in mining industry;

» Searching of variants for suitable constructive
decisions;

» Development of 3D geometrical models of technical

products and simulation analysis;

11

2. Consideration the student motivation to
develop and use catalog materials.

The aim of tis investigation was to give reasons to students to
gain experience for development and use of catalogues during their
training in design, production and exploitation of products.

This must begins with fundamental objects of study ensuring
the necessary knowledge and experience in computer design of
mechanical products [3] using suitable and tested decisions for
laboratory work [1, 4]. Later with optional subjects related to
simulation analysis of product [6, 7].

For satisfying the need of consumers with a wide the of
products is necessary to use possibilities of typing and unification
in the process of design. This can be illustrated by working out of
mechanical operation through a family of gear transmissions.

2.1. Optimal design of gear transmission.

In developing the concept for the design of a gear transmission
with cylindrical gears is determined its functional structure and
appropriate solution. For the purpose the already developed method
according grounded criteria can be used and to make technical
estimation for taking decision [5].

In the case are considered three variants of toothed gearings:
planetary gear, Worm gear and cylindrical multi-stage gear which
evaluated by experts according the following criteria:

High velocity ratio;
Simple construction;
Self-locking;

Low noise level;
Coefficient of efficiency;

Compactness of construction;

YV V. V V V V V

Low expenses;

»  Manufacturability.

The obtained and the possible number of points are calculated
and compared according VDI-225 normal and the given
methodology [5]. The result from the made test shows that the most
suitable variant according the possible points number is the choice
of planetary reducers. On Fig.1l are presented 3D geometrical
models of family planetary reducers.



Fig. 1 3D geometrical models of family planetary reducers.

For grounding the kinematic scheme of the chosen variant of
gears is approach for generation of multi-stage gears. It is based on
synthesis and analysis of loading of gears, coefficient of efficiency
etc. after a number of variants is reached, but not all of then have
practical sense in concrete case [5].

One of important work of constructor in the process led of
product design is to create simulation model and to study its
conduction as assembled unit.

For the purpose during training of students from professional
qualification “General Engineering” is developed and tested a 3D
geometrical model of safety overflow valve (Fig.2). The worked out
method for laboratory work in Solid Works is used. It is also
looking for collisions in assembling, simulation of the reciprocating
movement at various regimes as well as simulation fluid analysis
[9]. The high speed distribution of fluid in valves chamber at
opening during operation in production conditions is given on
Fig.3.

During operation and repair of the product the specialist must
be able to create and make explosive design and to choose elements
from catalogue spares. The 3D model (Fig.4) is of rotor crusher of
eccentric type used in mining industry [10, 11]. It will be one
example for making out, exploded models with detail parts. On
Fig.5 is shown the crushing parts [11, 18] with catalogue numbers
of corresponding assembled units 6000 for crash care their numbers
cylinder with eccentric haft, 6100 for belt head- stock and 6200 for
flywheel head - stock. Catalogues numbers (Fig.6) for individual
details flywheel head - stock in their numbers are 6201-6209.

The possibilities of expert systems for investigation of
geometrical concentrators of tension, monitoring and diagnosis of
bearings and gear reducers by operation and other mechanical
products must be learn by further specialists [4]. Such a task for
investigation of tensions maybe done for different elements of
concentrators on a given equipment. We shall study the
repercussion plate of crusher and analysis its deformational and pre-
stressed connection during operation. The limit conditions applied
to the plate with working force of crushing (Fig.7).

Fig.8 shows that maximal tensions according von Misses in
plate are 129 349 296 Nm? or 129,349 MPa, which gives coefficient
of safety FOS=4,8 (Fig.9). The existing concentrators of tensions
are in the bolt junctions (where the plate are assembled) and in site
of repercussion plate hang up. These results are normal and
expected.

Fig. 2 Safety — overflow valve

12

¢

Fig. 4 3D — model of rotor eccentric crusher

==

Fig. 5 Catalogue numbers of the crushing head of the crusher

The picture of deformational shifting (Fig.10) shows that is
maximal value is along the central part of plate, where the force of
crash is applied and is 0,031 mm, these values are in tolerance
limits.

The following documents to guarantee products with required
quality and to be put on the market are required:

»  Test procedure of the product;

» Service manual and conservation;
» Guarantee card and service;

»  Packing of the products;

In the process of construction may be for some details expected
constructive elements for lifting, moving, for example reducers or
protection of journal on important shaft during the transport. For
better market parameters of the product advisable to use
automatized assembling of wunits through possibilities of
mechatronic systems [13, 14].
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3. Activities of students in Joint Programe

In training students as future engineers must be considered the
education quality in college and to continue with succession of
chosen specialty in the university.

The question for quality and competitive power of products is
related to education quality in higher engineer specialists..

The main prerequisites for hard work in labs according
European Credit System (ECTS) are in innovation systematic work
during the year, computer knowledge and practice. This might be
done with better contacts with students and formation of main body
of excellent students which provoke increased interest in the others.
As a result the activity of students and PhD students for mobility to
universities abroad from joint Program will increase. This
collaboration is also useful for universities presented in accepting
country.

4, Conclusions

On approach for motivation of students for work with catalogues at
design, manufacturing and operation of products with high quality
and competitive power using informational systems war developed.

A method for choice of optimal variant of constructive decision of
mechanical transmissions —reducers and rotor crusher of eccentric
type was worked out.

Exploded drawings together with catalogue numbers of component
assembled units and details, which may be used at preparation of
catalogues for spares were made.
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3D model of rotor crusher of eccentric type, which may be
investigated for dynamic and static analysis by the Finite Element
Method (FEM) was developed. Result for tension state safety factor
and static shift of repercussion plates were received.

The results are useful in increasing interests of students and PhD
students during their training, exchange for learning and
investigation work according joint programs in universities abroad
as getting in to work in high-technology industries.
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Abstract: the present article examines the technical and economic advantages of vibratory stress relief from the restored steam turbine
blades. It is presented the background technology of the offered vibration method of the structure stabilization of weld metal that im-

proves the operational reliability of turbine blades.
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1.Introduction

The highly effective energy saving technological processes
finds an extensive application in industry. In particular a low-
frequency vibration processing belongs to such processes. More of-
ten application it finds for the decreasing of residual stresses at
welding structure production [1,2]. Vibration processing in compar-
ison with heat treatment allows considerably improving the organi-
zation of production.

2.Method relevance

The economic effect of the vibratory stress relief in comparison
with the heat treatment is expressed in the following: the compact
equipment can be installed in any point of the production shop; low
operational costs; power consumption is much lower; the sizes and
weight of the details are not almost limited;details surfaces aren't
oxidized.

It is found that the significant effect on the low-temperature
cracking in welding structures from middle and high-alloyed steel is
rendered by residual stresses. Especially it concerns the products
subjected to cyclic loadings. The first effort of the research in this
direction showed that the critical stress of the low-temperature
cracking as a result of a heat treatment and vibration approximately
identical and makes 20-25%. On the other hand a vibration
processing is almost not effective for cold-drawn materials since at
the same time there is a distortion of a crystal latitude. Considering
that at the production of a welding structure it is often used the
cold-rolled metals, and after welding the seams and in particular a
zone of a thermal influence is exposed to pro-forging, it is
appropriate to make the vibratory stress relief in a complex with
heat treatment. It is connected with the fact that a vibration
processing doesn't change metallurgical structure of a metal. At the
same time vibration processing needs to be carried out before heat
treatment.

3.Main part

Recently, the method of restoration of working blade tips of the
steam turbines with the use of a deposit welding is widespread in
the world practice. Despite the recommendations of the certain
authors about the need when welding to apply the materials of an
austenitic class as additive materials, the problem of vibratory stress
relief remains urgent. Undoubtedly, the use of the specified additive
materials in the course of welding at a strict observance of a task
requirements, the value of running energy and the sequence of
welding don't allow to stabilize the structure of weld metal enough.
In this regard the values of a residual stress need to be reduced
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unambiguously. Especially it touches the steam turbines blades
manufactured from the high-chromium steel of martensitic -ferritic
class. PT-13/90 and K-300-240 turbine blades of the last stage were
restored. The restoration of the working tips was carried out with a
multiple-bead deposit. After a multiple-bead deposit and HEZ (heat
effective zone) pro-forging, the blades were subjected to low-
frequency vibration tests at the stand presented on (the figure 1 —
Vibration stand for tests of the turbines blades).
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Fig. 1 Vibration stand for tests of turbines blades

Vibration processing was carried out on the following modes:
frequency - from 0 to 200 Hertz; acceleration — to 10g; detail weight
— 14 kg; the size in the plan — 1200 x 1200 mm; drive power — 10
kw; processing duration — 20-30 min.

After the vibration processing the working tips were subjected
to face-hardening by a spraying method with a follow-up thermal
reflowing of the stellite powder on the proven technology and car-
ried out the machining with a profile finishing of a working blade in
the drawing sizes.

Fig. 2 Vibration tests of blades at the stand
in the conditions of ”Remplazma’ LLP Petropavlovsk
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At a compliance of a blades profile to the technical
requirements the residual stresses were fixed with the IKN-1M-4
device, the functional principle of which is based on a magnetic
memory of metal, the developer is “Energodiagnostika” LLC. Here
the use of the phenomenon of the units and parts magnetization
while in operation for the identification of stresses concentration
zones. This method was timely applied to the turbine blades
definition which has the stresses concentration zones at a
predestruction stage. An additional point is that the offered way of
diagnostics allowed to define the vibration tone, i.e. to estimate its
vibration reliability according to the characteristics of a field
distribution of residual magnetization along a blades tip surface.

By researches it is established that the application of the hard-
facing processes considerably reduces the fatigue durability of the
restored details [3]. For turbine blades, working in the conditions of
sign-variable cyclic loadings and restored by plasma spraying,
fatigue durability was estimated by the following parameters: in
coefficient of stresses concentration (a,=Gmax/ony, Where Where omay
— the maximum stresses are in the area of coverage of stresses
concentration, MH/mm%; oy— rated voltage in the same section,
MH/mm? and a large-scale factor of distribution (g,=0.14/c.1), Where
6.14 — the limit of a sample endurance of any diameter, MH/mm?; 6.
—a limit of samples endurance with a diameter of 7,5 mm, MH/mMmM2.

On the tests results it is established that an origin and develop-
ment defect zone coincides with the plane of the design section. At
the same time the concentration of the internal stresses increases in
a point of the critical section. At the subsequent blade loading, the
concentration of internal stresses increases in metal that is followed
by the change of a structural component. Concentration of the inter-
nal stresses at the bending moment was fixed by the IKN-1M de-
vice, and results are presented in the form of the schedule (figure 3).

The test was carried out on the length of a blade working tip, in
the places of the most subjected mechanical and erosive dynamic
wear. Scanning by the sensor of the IKN-1M device was carried out
from the radical section of a blade to peripheral or on the contrary.
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Fig. 3 Schedule of stresses concentration
zones in a hydraulic cylinder rod
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According to the characteristic of a field distribution of residual
magnetization (Hp) along the blade surface, the tone of vibration
was defined at the same time, i.e. the blade vibration reliability was
estimated, based on the known effect of energy absorption of me-
chanical oscillations (damping of fluctuations),causes the corres-
ponding growth of blade residual magnetization. The continuous
red line on graphics (figure 3) shows the change of a magnetic field
on a meter of a sample length (A/m) on which the accurate splashes
aren't visible. The red dashed line shows the stresses admissible
value for this type of a product. The blue continuous line of the
schedule (gradient) shows the places of splash in KN on each mm
of a sample (A/mm). The change of a sign shows about the
direction of curvature.

On the control results the blade places working in the most
intense conditions are defined. Such places are those ones which
lines of stresses concentration and deformation (line H, are located
cross and having the maximum coefficient of stresses intensity.
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Values of this coefficient are defined automatically and displayed
on the screen on the operator’s call.

The stresses concentration zone is located in the places of
defects appearance of a sample on 65-80 mm on the test length and
on 6-8 mm from a critical point, (figure 3). If in a critical section at
the chosen scheme of jamming, the bending moment and the
operating stresses have the greatest value, then at a bend of other
types these sizes are about 20-25% less.

The values of the residual stresses in a zone of restoration didn't
exceed the threshold values. The metalstructure of a metal
represented the sorbite focused on martensite. The hardness was HB
260-280.

Blades passed tests in compliance to the standards. The
following results of the tests are received: amplitude — 0-20 mm;
frequency — 50 min™; number of symmetric cycles 3,1 x 10 ® before
cracks emergence; number of symmetric cycles before cracks
emergence for the blades which undergone a complex processing
52x10°

After working off of the processing methods and modes on the
prototypes according to this scheme it was carried out the works on
the restoration of full-scale blades on two turbines, the blades
served not less than on 10 000 m/hour.

4.Conclusion

Consequently, for the early recognition of stresses concentra-
tion zones it’s shown the applicability of the “passive" methods of
diagnostics using the energy of structure radiation: the method of
acoustic emission and the method of a metal magnetic memory.

Tests results by these methods showed that the fatigue
durability of TPP-2 turbine blades restored by a plasma spraying on
“REMPLAZMA” NKSU-TOO technology is 16,3% more than the
blades fatigue durability restored on the state standard specification
21448-75 technology.

This test method of the details on fatigue durability allows pre-
dicting the approach of possible defect on the stresses concentration
zones on a detail, without removing it from the unit.

On the basis of the carried-out works it is established that the
complex blades processing after their restoration by a weld facing
increases the resistance to low-temperature cracks more than by 1,5
times. At the same time the structural disfunction of a metal basis
wasn’t observed.
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Abstract. Cold forming process in the plastic domain of deformation causes strain hardening in the formed material. Strain hardening can
be used for practically all metals and alloys to increase most of mechanical characteristics, however ductility and some others are reduced.
In the paper experimental researches of the influence of effective strain on change of main mechanical characteristics such as tensile
strength, yield strength, impact toughness, and some other characteristics of cold formed material were carried out and analyzed.

The results of the experiments are presented in the form of graphs. Special mathematical models for determination of different properties
were obtained. These models are especially helpful for prediction of mechanical and other properties of a cold formed material. Knowing
the material properties and their changes during the cold forming processes is very important for quality of the product and for planning

the right technology of the forming processes.
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1. Introduction

There is always an interest in development of copper alloys with a
high electrical and thermal conductivity, good mechanical properties
and microstructure stability up to high temperatures. A possible way to
obtain this interesting combination of properties is to use a
precipitation hardening system.

Detailed investigations of system Cu-Cr have shown that small
additions of other alloying elements such as Zr, refine the
microstructure and enhance the age hardenability of the binary alloy.

In the usual production process the mechanical properties of these
ternary alloys are dependent mainly on the chemical composition and
the thermo-mechanical treatment. But by cold forming the mechanical
properties of alloy are changing because of strain hardening.

It is well known that any cold forming process in the plastic domain
of deformation introduces strain hardening characteristics in
mechanical response of the material treated [1-7]. Strain hardening can
be used for practically all metals and alloys to increase hardness and
tensile strength, however ductility is reduced [8, 9, 10, 11].

Knowing the mechanical properties of alloys and their changes
during the cold forming is very important for economically production
[12].

2. Experimental Work

The influence of cold forming on changing of tensile strength,
yield strength, flow stress, electrical conductivity and impact toughness
was examined in the experimental work.

For the testing material special copper alloy CuCrZr with 0, 71%
Crand 0, 05% Zr in copper matrix was used. This is a copper — chrome
— zirconium alloy with high electrical and thermal conductivity and
excellent mechanical and physical properties also at elevated
temperatures. It is used as electrode material in spot, seam and butt
resistance welding of low carbon steel sheets. Further it is used for
manufacture of various components for resistance welding equipment.
[15]

Mechanical properties of unformed material (before cold forming)
were determined with tensile test, Brinell and Vickers micro-hardness
were measured by measuring instrument WPM, electrical conductivity
was measured by the Sigmatest instrument. Measured values for
different mechanical properties for unformed material are presented
below:

Tensile strength R, = 480 N/mm?

Yield strength Rpoz = 396 N/mm?

Impact toughness (ISO V-notch, 20°C) W; =169 J
Electrical conductivity a=50, 1 m/Qmm?

STRAIN HARDENING. MECHANICAL PROPERTIES, METAL FORMING, COPPER ALLOY, ELECTRICAL

For determination of the influence of effective strain on the change
of hardness, electrical conductivity and flow stress, the cold upsetting
was used.

The cylinders of CuCrZr with initial diameter of 10 mm and height
of 14 mm were lubricated with teflon foil (near frictionless conditions)
and then formed by the special experimental tool for upsetting. Many
experiments were done to provide the right results. After each
experiment effective strain, flow stress and electrical conductivity were
measured.

3. Results

Table 1 represents the values for electrical conductivity measured at
specimens which were formed at different effective strain. It is
obviously that electrical conductivity is decreasing with higher values
of the effective strain. From starting value of 49,8 m/Qmm? electrical
conductivity is down to only 44,6 m/Qmm? at effective strain value of
1,1. The difference in electrical conductivity between unformed
specimen and the specimen formed at €, =1, 1 is more than 10%.

Table 1. Electrical conductivity measured at different rate of the
effective strain.

Effective strain Electrical conductivity
& a
[m/Qmm?]

0,05 49,8

0,2 49,1

0,4 47,8

0,6 46,2

0,8 45,5

1,0 44,9

11 44,6

Flow curve is one of the most important data for any forming process
and provide us vital information about material behavior during
forming process.

The measure of strain hardening must be incorporated in the
consideration of more general processes. In this regard, it is assumed
on the basis of sufficient agreement with experiments that the strain
hardening for a particular material depends on the work per unit
volume which has been expended. In our case there is an increase of
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nearly 50% between initial flow stress and flow stress of maximal
deformed material (e, =1, 1). Flow stress diagram is shown on Fig. 1.
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Fig. 1. Change of flow stress (o5) as a function of effective strain &

The experimental results can also be presented in the mathematical
way by using statistical methods especially regression analysis. For this
reason the mathematical model for the regression analysis was chosen
as written [12, 13]:

y=ho+ b+ bo xi? Q)
bo, by and b, are free coefficients to be determined by regression
analysis; y and x, are parameters. The equations, calculated by
regression analysis, are:

op =406,4-37533 ¢, —191,36-56,2 @)

a=5063+7,44-z, +o,75-g€2 ®)

By using equations (2) and (3) values of flow stress (o7 and
electrical conductivity (a) can be calculated for every value of effective
strain in the experimental area (. is between 0 and 1, 1).

For determination of tensile strength, yield strength and Charpy
energy the copper alloy CuCrZr was deformed by cold drawing. The
specimen bar with initial diameter of 20mm has been deformed by
drawing on the drawing bench with drawing speed of 20 m/min and
drawing die angle 2a. = 28° at room temperature.

Bars of copper alloy were deformed by drawing to six different final
diameters: 19 mm, 18mm, 17mm, 16mm, 15mm and 14mm. On this
way we got six different cold formed specimens (deformed bars). From
deformed bars test specimens were made for tensile test to investigate
the influence of strain on mechanical properties.

The results of the tensile tests are shown as a diagram on Fig. 2
which presents the change of tensile strength R, and yield strength R,
as a function of effective strain ¢..
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Fig. 2. Tensile strength (Ry,) and yield strength (R, ») as a function of
the effective strain &

The increase of tensile strength is very similar to that of yield
strength. At the highest value of the effective strain (e, = 0, 71) the
increase of tensile strength is 11% the increase of yield strength is 14%
in comparing to initial values of unformed material (before drawing).

Fig. 3 presents impact toughness W; as a function of the effective
strain. Impact toughness of deformed bars was measured with Charpy
test at the room temperature. The test specimens were standard I1SO V-
notch specimens (10mm x 10mm x 55mm and 2mm notch in the
middle).

With increasing of the effective strain the impact toughness is
decreasing. At the highest value of the effective strain (g, = 0, 71) the
impact toughness is 12 % lower as it is before drawing. It is interesting
that the decrease of impact toughness in our case is almost linear.
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Fig. 3. Impact toughness (W;) as a function of the effective strain (&)
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The experimental results can also be presented in the mathematical
form by using regression analysis or any other suitable modeling
methods [13] and mathematical model (1):

R,, = 482,46 —165.27 - ¢, + 134,43 - £, @

Rpo, = 410,54 236,15, +186,34 - 5,2 5)
j— —_— . . 2

W, =168,87-3539 s, +937 ¢, ®)

By using equations (4) to (6) tensile strength, yield strength, and
impact toughness at any value of the effective strain inside the
experimental area (from g, = 0 to g, = 0,71) can be calculated.

4, Conclusion

It is well known that any cold forming process in the plastic domain
of deformation introduces strain hardening characteristics in
mechanical response of the material treated. The strain hardening can
also be used to get workpieces whose mechanical properties are higher
than for the initial material. It is also interesting from an economical
viewpoint, since cheaper materials can be cold formed to get the higher
mechanical properties generally obtainable in higher-grade costlier
materials.

The results of measurements which are presented in our paper have
shown that knowing the mechanical properties of the material to be
formed and the change of properties during and after forming process is
very important to predict the quality of the workpieces and for planning
the right technology of the forming processes. Special mathematical
models which were obtained for each measured mechanical property
are especially helpful for prediction of mechanical and other properties
of a cold formed alloy. In the future research we will try to determine
an influence of many other parameters (such as tool speed, lubrication,
strain rate, etc.) on change of mechanical properties.
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IMPROVING THE RELIABILITY OF INSTRUMENTS FOR MEASURING AND
THERMAL CONTROL OF OBJECTS OF DIFFERENT PHYSICAL NATURE BY THE
FINISH ELECTRON-BEAM PROCESSING SURFACES OF OPTICAL ELEMENTS
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Abstract: The optimum ranges of the electron beam parameters change (density of heat exposure and speed of movement), within which
there is a substantial improvement (more than 2 ... 3 times) of the basic properties of the surface layers of the optical elements are found.
The tests of the optical windows of laser rangefinders under intensive external heating and hemispherical optical fairings of IR devices at
supersonic blowing by air flow and axisymmetric rotation that simulate real operating conditions, have shown that in the case of processed
by electron beam optical windows and fairings it reduces the number of their destruction and increases the reliability of the devices during
the operation, taking into account the impact of external-heat.

KEY WORDS: optical glass, optical ceramics, electron beam processing, elements of precision instrument-making

1. Introduction 2. Results and discussions

Modern devices with optical elements for measuring and The following optimal ranges of electron beam parameters: the
thermal control of different physical nature objects (laser  density of heat exposure F, = 7:10°...810° W/m” and the moving
rangefinders sighting Systems with optical windows of the  speed V = 5:107...5:10% m/s, within which there is the most
transmitting and receiving channels, IR devices with optical ~ significant improvement of the properties of the surface layers of
hemispherical fairing for homing and surveillance, etc.) in operating ~ the optical elements (more than 2 ... 3 times) are established.

conditions are exposed to intense external heat (higher heating Electron microscopic study of surfaces of optical glass
temperature and external pressure, the shock-heat in a shot and a ~ elements (fig. 1, 2) showed that after machining the most
flight and so on). characteristic there is the presence of various microroughness -

Under these conditions a variety of negative defects (cracks, ~ Small cracks of 0.1 ... 0.7 microns depth, fine scratches of 2 ... 5
bumps, depressions, nodules etc.), further development of which ~ microns length and bubbles of 107..10 microns size. After
leads to destruction of elements (detachment, chipped, undulating ~ €lectron beam treatment the bubble sizes (diameters) are reduced in
surface appear) are formed on the surface and in the surface layers 2 ... 4 times on the surface elements, while other microroughness of
of the optical elements. The result is a worsening of their basic ~ less than 1 ... 2 microns are not observed, that is by treating the
properties, reduced resistance to external mechanical and thermal ~ surface with an electron beam elements like "purified "small defects
stresses, which results in reduction of reliability of devices during ~ are eliminated. Thus, the area which is occupied by these defects

their operation to the influence of external-heat [1 - 7]. decreases in 1.8 ... 2.7 times with increasing F, from 5:10° W/m? to
There fore relevant is the anticipation of these adverse events 710" W/m?®. , _
during the design and manufacturing of the considered devices with Study of scans of thin elements surfaces of chips before and

optical elements. In many studies carried out by different authors in ~ after electron beam treatment indicates that in the first case
the direction [8 - 12], it was shown that one of the promising areas ~ Microroughness height of 30 ... 40 nm, and in the second it is
in removing undesirable changes in the properties of the surface ~ reéduced to a level of 0.5 ... 1.2 nm. The following effect of an
layers of the optical elements is their finishing by movable electron  €lectron beam parameters on the height of the residual microscopic
beam. In particular, it shows the possibility of an electron beam  irregularities: an increase in the density of an electron beam heat
method in the formation of the surface layers elements of the optical ~ €xposure from 10° W/m" to 8,5-10° W/m’, for example, used in
glass and ceramics with modified physical and chemical properties  Practice, the speed of its movement V = 8-10°%...5:10m/s leads to a
[2,9,10,12]. reduction of residual microroughness height from 3...5 to 1.0...1.5

However, there has not been established the optimum ranges of ~ NM (Fig. 3a) is defined.
the parameters changes of the electron beam, within which there is
the most significant improvement in properties of the surface layers
of the elements that affect the reliability of devices during their
operation.

Therefore, this paper presents the results of studies to
determine the optimal ranges of change of the electron beam
parameters (density of heat exposure, movement speed) that lead to
the most significant improvement in properties of the surface layers
of the elements of the optical glass (K8, K108, K208, and others)
and ceramics ( KO1, KO2 and others) and increase the reliability of
devices during their operation.
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Fig. 1. An electron microscopic images of the surface of optical
glass elements K8: a) - a surface after mechanical processing, %
3700; b) - a surface after electron beam processing, x 4500.

Fig. 2. The scans of the element surface of the optical glass K208:
a) - a surface to electron beam processing, Y-modulation, x 610; b)
- a surface after electron beam processing, Y-modulation, x 610.

It is found that the maximum thickness h;, of the molten layer
can reach values of 250 ... 300 microns, which can exceed the
maximum allowable value h* = 150...200 microns, which leads to
disruption of flatness and geometrical shape of the optical element
(Fig. 3b). Thus h,, value depends essentially on the values of F, and
its movement speed V: an increase of F, from 7-10® W/m? to 8-10°
W/m? are used in practice, the values of V increases the melted
layer thickness from 25 microns to 230 microns; increasing the
speed of movement of an electron beam from 107 m/s to 10 m/s
when in practice, the used values of F, already lead to a reduction
of depth in fusion from 200 microns to 30 microns.

It has been shown that exposure of an electron beam on the
ceramic optical elements of (F, = 10°..2-10" W/m?, V = 10°%...2:102
m/s) increases the microhardness of their surface depending on
electron beam parameters: F, increase from 10° W/m? to 1.5-107
W/m? increases the microhardness of the ceramic surface in 1.5...1.7
times, and a reduction from 1.5-102 m/s to 10 m/s results an
increase in the microhardness of ceramic surface in 1.3 ... 1.4 times
(Fig. 4a).

It is found that the thickness of the hardened layer (4,microns),
where there are major structural changes and it is increased the
microhardness of the treated material examined for electron beam
parameters that is changed in the range from 70...90 microns mo
210...230 microns in thickness of processed workpieces 4...6:10° m
(Fig. 4b). Value of A4 also depends essentially on the electron beam
parameters: increase F, from 106 W/m? to 2:10” W/m? results in an
increase in the thickness of the hardened layer of 1.8 ... 2.6 times,
and increasing the speed of movement of the beam from 1.5-10°
m/s to 2:102 m/s leads to a reduction in the thickness of the
hardened layer in 1.7 ... 2.5 times. The presence of compressive
stresses up to 25 ... 90 MPa in thin surface layers of the elements of
40 ... 60 microns depth for the central part of the processed areas
(size portions 4-102..5-10% m) in these ranges of electron beam
parameters change is determined.
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Fig. 3. The dependence of the height of the residual microroughness
h (a) on the surface of the optical glass element K108 (a) and a
maximum thickness of its melted layer h, (b) from the electron
beam parameters: 1 - the maximum permissible values h”™; 2 - h,
values that were obtained when processing by an electron beam.

In addition, it was found that, after finishing electron-beam
processing of the optical elements, resulting in improvement of the
above properties of surface layers, there is an increase of elements
resistance to external influences: increasing the critical values of the

external heat flows q: and t", the excess of which leads optical

elements to fracture and failure of devices in 1.4...1.5 times for
optical glasses and in 1.3...1.7 times for optical ceramics; an
increase of the external pressure to 107 Pa reduces the values of t~
and only in 1.4 ... 1.5 times for the optical glass and in 1.3 ... 1.7
times for optical ceramics.

It was also shown that the limit values ¢ of thermoelastic
stresses at different heating temperatures T = 300...1200 K for
optical elements, processed by electron beam, in 1.7 ... 2.3 times
higher for the optical glasses, in 1.8 ... 2.7 times - for optical
ceramics.

The test analysis of the optical ceramics elements hardened by
electron beam, for resistance to external mechanical impacts
according to standard techniques (it was defined critical height H,,
from which a steel ball of diameter d = 4-10%...5:10° m, freely
falling, destroys the element surface, Fig. 5) showed (for F, = 108...
5.5-108 W/m?, V = 1072... 5-10 m/s) that for unprocessed elements
- H,,=0.18...1.1m, and for processed - H,, = 0.37...1.35 m.
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Fig. 4. The dependence of the surface microhardness A, (a) of an
optical ceramics element of KO1 (a) and the thickness of its
hardened layers A4 (b) of the electron beam parameters: 1 -
unprocessed surface; 2 - the electron beam processed surface.
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Fig. 5. The dependence of critical value H,,, for the optical ceramics

elements of KO2 from the electron beam parameters: 1 -

unprocessed surface; 2 - surface-processed by electron beam.

Thus, the finish electron beam processing of optical elements
leads to an improvement in their surface layer properties, which
ultimately increases their resistance to external mechanical and
thermal impacts, and can enhance reliability of devices during their
operation under conditions of external-heat.

Indeed, carried out tests of optical windows of laser
rangefinder under intense external heating and hemispherical
fairings IR devices at supersonic blowing air flow and axisymmetric
simulating actual operating conditions have shown that in the case
of processed by electron beam input windows and fairings in the
zones of maximum external-heat (most dangerous areas on their
surfaces where the fairings may undergo to destruction) occurs in
1.7 ... 2.3 times less damage than unprossed windows and fairings
(Table 1).

Table 1
The effect of electron beam processing of the optical windows
surfaces of laser sights and hemispherical fairing of IR devices

targeting and observation on the number of their destruction k *
(%) depending on the parameters of the external-heat (heating rates
V; (K/s) for windows from optical glass K8; airflow speed V, (m/s)
for the fairings from optical ceramics KO2)

Input k,%
window Before After
electron- electron-
Vi, Kis beam beam
processing processing
100...200 40...50 20...30
200...300 50...60 30...40
300...400 60...70 40...50
Fairing k., %
Before After
electron- electron-
Vo, Kis beam beam
processing | processing
5-10%...10° 30...40 10...20
10°...1.5-10° | 40...60 20...40
1.5-10%...2:10° | 60...80 30...50
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) Note. k =L, where

kO
windows and fairings and their number accordingly subjected to
destruction. The angular speed of an axisymmetric rotation of
fairings in this range of variation (up to 4-10° rad/s) is not affected
much the number of their destruction.

ko, k — the total number of test input

The coefficient of reliability as a criterion of laser rangefinders
performance at different speeds of external heating, as well as IR-
devices at supersonic air flow blowing is determined by the
following formula [12]:
wiy)=1- N ®

0

where W(Vi ) the probability of working capacity preserving of the
considered devices under the external heat conditions; N(V;)- the

number of devices that deny for the given parameters of external-
heat (destruction of the input windows and fairings was taken as the
failure of the device as a whole); N, - the total number of input

windows and fairings which are tested.

The calculations using formula (1) revealed that the increase in
the heating rate of the input windows of laser rangefinders (from
100 K/s to 400 K/s) and blowing by air flow fairings of considered
IR devices (from 7-10% m/s to 2:10° m/s), implemented in practice in
terms of actual operation, lead in the case of their finish electron-
beam processing of surfaces to the increase of these devices
reliability in 1.3 ... 1.9 times (Fig. 6, 7).
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Fig. 6. The dependence of the probability of failure-free operation
of laser sights in external heat conditions from the external heating
rate of the optical windows: optical windows, not

processed by electron beam; — — — — optical windows, which surface

is processed by electron beam (the beam parameters
Fn = 5-10° W/im?, V = 5:10°° m/s).
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Fig. 7. The dependence of the probability of failure-free operation
of IR devices under terms of the shot and the flight on the
supersonic airflow speed by air flow of their hemispherical fairings:

— fairings, not processed by electron beam; — — — — fairings
processed by electron beam (beam parameters F, = 2.107 W/m?,
V =10°mis).

3. Conclusions

1. It is found that in the result of finish electron-beam processing of
element surfaces of the optical glass (K8, K108, K208) and
ceramics (KO1, KO2) for optimal ranges of change of the electron
beam parameters (density of heat exposure F,, = 7-10°...8-108 W/m?
and the speed of movement V = 5-102...5:10% m/s) there is a
significant improvement in the properties of their surface layers:

- various negative defects disappear on the surface (scratches, fine
bubbles, cracks, etc.) remaining after the standard machining
processing, it becomes atomically smooth;



- height of residual microscopic irregularities on the surface is
reduced from 30 ... 40 nm to 0.5 ... 1.2 nm, and the thickness of the
molten layer is 250 ... 300 microns, which may exceed the
maximum permissible values of 150 ... 200 microns, not breaking
the flatness and geometric forms of the elements;

- the surface micro-hardness increases in 1.5...1.7 times, the
thickness of the hardened layers reaches 210 ... 230 microns with
compressive stresses up to 25 ... 90 MPa.

2. It is shown that in a result of improving the properties of surface
layers of the elements after ttheir electron beam processing, the
optical elements resistance increases to external mechanical and
thermal impacts:

- the critical value of the external heat fluxes and the times of their
actions increases in 1.5 ... 4 times, that leads to the destruction of
the elements; the increase of external pressure to 107 Pa reduces the
listed critical values in 1.3 ... 1.7 times;

- increase in 1.7 ... 2.7 times the maximum permissible values of
thermal stress in the temperature range 300 ... 1200 K, the excess of
which leads to the destruction of the elements;

- the critical height of a steel ball fall on the surface of elements,
leading to their destruction, rise from 0.18 ... 1.1 mto 0.37 ... 1.35
m.

3. It is found that after finishing electron-beam processing of the
optical elements, resulting in improved properties of their surface
layers and increasing the resistance of the elements to external
influences, with increasing heating rates of the input optical
windows of the laser rangefinders (up 400 K/s) and the speed of air
blowing flow (up 2:10%® m/s) and axisymmetric rotation (angular
speed of up to 4-10° rad/s) fairings of IR devices, increasing their
reliability in 1.3 ... 1.9 times.
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STUDY OF EFFECT OF INITIAL AND SUBSEQUENT HEAT TREATMENT OF CON-
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Absract:

The effect of modes of electron beam welding on geometry of joint welds of constructional steels has been analyzed using steel 40X
as an example. Microstructure and microhardness distribution in joint welds have been investigated. Necessity of preheating and subsequent
heat treatment of metal in order to avoid hot cracking at electron beam welding has been determined.

KEYWORDS: EBW, CARBON STEEL, CONSTRUCTIONAL STEEL

1.Introduction The effect of EBW modes on geometry of joint welds of

There is a need in production of joint welds by electron 40X constructional steels has been analyzed. Microstructure and
beam welding (EBW) of parts made of constructional carbon microhardness distribution ipjoint welds have been investigat_ed.
steels and alloyed steels that are considered to be conditionally Electron beam welding of samples made of construction-
weldable and hardly weldable materials. The chemical composi- al steels has been performed in vacuum at a residual pressure of
tion analysis of these steels has shown that some of them have a 5-10°° Pa. Welding modes for 40X steel have been as follows: an
strong tendency towards origination of welding defects such as accelerating voltage of 60 kW, a beam current of 110 mA, a fo-
cold and hot cracking. The main method of cold cracking preven- cusing current of 695 mA, a welding rate of 10 mm/s. Welding of
tion is initial heating that can be successfully performed at EBW, the samples has been performed without preheating.
first of all, due to a wide range of opportunities of electron beam _ Geometry of the joint welds produced by EBW of the
heating. In order to prevent hot cracking, the main cause of which given constructional steels has been analyzed. The joint weld
being low-melting sulfides, modifying agents that bind sulphur geometry is characterized by the following size factors: the depth
into high-melting compounds are used in electric-arc welding h and the width d (Fig.1). The joint weld depth is defined as the
methods.. The modifying agents are added into a molten weld longest distance between a joint weld surface and a point of max-
pool together with filler materials. However, there is no such imum weld penetration of a base metal. The joint weld width is
opportunity at deep alloying EBW that does not use grooving and the maximum distance between visible weld lines at a transverse
fillers, which is the main economic advantage of this method as macrosection. Variation of the joint weld geometry (depth and
compared to electric-arc welding methods. This makes search width) for steel 40X depending on welding modes is presented in
and development of technological methods of hot cracking pre- Table 1. The joint welds obtained by EBW of steel 40X samples
vention urgent. have a depth of 9-12 mm and a width of 7-8 mm.

2.0Objective For metallographic tests on the joint welds produced by

EBW samples with two planar parallel surfaces have been cut off
using Micracut 151, a precision cutting-off machine. After that
the samples have been exposed to grinding, polishing and etch-
ing. In order to determine the structure of 40X samples a mixture
of 4% solution of nitric acid and ethyl alcohol has been used as
an etching agent. Microstructure has been investigated using Mi-
1 microscope equipped with a CCD camera.

Study of microhardness of joint welds has been carried out using
PMT-3 device. Loading on the penetrator has been 100g

The objective of this work has been finding of an op-
timal initial state of material, its initial and subsequent heat
treatment modes in order to produce high-quality joint welds in
constructional steels by means of EBW. The work presents the
research results on the effect of an initial structure, initial and
subsequent heat treatment modes and EBW parameters on geo-
metry, structure, mechanical properties and chemical composi-
tion of joint welds in constructional carbon steels and alloyed

steels.
for steel 40X.
3.Results
Joint weld parameters EBW modes
aq Sam- Depth, mm Width, Focusing | Beam current,
- ples mm current, mA
mA
] 1 8.0 5.4 650-660 100
2 6.7 49 650-660 80
L 3 3.9 55 660-670 80
] 4 6.8 3.8 633-643 90
5 6.5 3.8 633-643 90
6 5.0 3.3 633-643 95
7 55 4.2 633-643 100
Fig. 1 — Schematic represz_entation of the joint weld depth 8 2.0 44 633-643 70
and width
9 4.2 4.7 633-643 50
Table 1 — Variation of the joint weld geometry depending on
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Fig. 2 presents the microstructure of 40X joint welds in
the test samples 1 and 7 after EBW. This figure shows that there
are no cracks in joint welds. In sample 7 there are some pores.

a is the sample 1, b is the sample 7
Fig. 2 — Microstructure of 40X joint welds produced by
EBW

Fig. 3,a shows the steel 40X microstructure: fine-grained,
ferrite with small dark perlite inclusions. The microhardness is
1.1-1.2 GPa (Fig.4). Fig. 3,b shows ferrite-perlite structure of
steel 40X. The ferrite microhardness (light phase) is 1.3-1.6 GPa,
the perlite microhardness (dark phase) is 1.9-2.3 GPa.

Fig. 5 shows the microstructure of the joint weld of 40X
sample obtained by EBW. The microhardness of the joint weld
metal is 1.3-2.1 GPa.

Fig. 5,b shows the structure of the joint weld using a 40X
sample as an example. The joint welds have dendritic structure,
dendritic crystals being elongated in the direction of heat rejec-
tion. Fig.6 shows microhardness distribution in 40X joint weld.
Due to a great difference between the microhardness values of
the light and the dark phases measurements have been taken in
terms of the dark phase. The microhardness of the given phase in
the joint weld zone is 2.8-3.0 GPa, which slightly exceeds the
microhardness of the base metal. For the light phase the micro-
hardness is 5.2-5.9 GPa. In the course of EBW quenching struc-

tures are formed, which leads to a great increase in the hardness
of the joint weld material as compared to the base metal and
serves as a disadvantage in terms of strength balance of separate
parts of the welded structure.

Fig. 3 Microstructure of the constructional steel 40X (a) and (b)
in initial state

A heat-affected zone (HAZ) is small (0.6-1.5 mm) for
40X samples therefore it should not have a great effect on the
joint weld strength. The microstructure of steel 40X in HAZ after
EBW without preheatment is shown in Fig.7.
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Fig. 4 — Microhardness distribution in 40X joint weld
produced by EBW
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Fig. 7 — Microstructure of steel 40X in HAZ after
EBW without preheating
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Fig. 5 — Microstructure of 40X joint welds obtained by EBW
without preheatment (a) and (b)
The microhardness of the dark phase in HAZ is 2.1-3.0
GPa and the microhardness of the light phase is 1.3-1.5 GPa.

4.Conclusions

Thus, in order to prevent formation of quench structures,
which leads to an increase in microhardness of constructional
steels after EBW, one needs to carry out preheatment and subse-
quent heat treatment of samples.
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Abstract: In this paper a review of progresses occurred along the years in measuring residual stresses by
optical methods is presented. These methods allow to implement the hole drilling procedure for residual stress
profile measuring, without applying the strain gage rosette. This approach presents several advantages such
as easier and cheaper preparation of the test beside the possibility to avoid eccentricity issues and to increase
the amount of available data in view of the fact that each pixel can be considered as a measure point. In
particular the evolution of the Electronic Speckle Pattern Interferometry (ESPI) technique will be presented
showing how set up, methodologies and calculation approaches have developed along the last three decades.

Keywords: ESPI. RESIDUAL STRESS, HOLE DRILLING, OPTICAL METHODS

1. Introduction

The stress field existing in some materials without
application of an external source of stress, such as loads
or
thermal gradients, is known as residual stress. These
residual stresses (RS) are generated in almost all
manufacturing processes such as machining, grinding,
forming, rolling, casting, forging, welding, heat
treatment, etc. or may occur during the life of structures.
The hole drilling method (HDM) is one of the most
widely used techniques for measuring residual stresses.
This technique consists in the localized removal of
stressed material and in measuring the strain field
consequent to the relieved stresses. The hole drilling
method
using strain gauge rosettes is a consolidated approach for
stress determination and it follows the ASTM test
standard. Even though strain gauges are usually used to
measure these displacements, they have some
disadvantages: the specimen surface has to be flat and
smooth so that the rosettes can be attached, the surface
of the material has to be accurately prepared, the hole has
to be drilled exactly in the center of the rosette in
order to avoid eccentricity errors, and time and costs
associated with installing rosettes are consistent.
Furthermore the amount of available data is limited: for
each measurement, only three discrete readings are
available (six in the case of some special rosettes), just
sufficient to fully characterize the in-plane residual
stresses. Due these considerations several attempts to
replace extensimetric measurements by optical ones
have been done along the years. For example the use of
moiré interferometry for strain determination in RS
measurements by HDM was investigated in many
situations since McDonach et al. [1]. However, bonding a
grating can also be time consuming. The feasibility of
using holographic interferometry was shown by Antonov
[2]. More recently Hung et al. [3] have used shearography
in conjunction with a small ball indentation to
determine RS. Also the possibility to release residual
stresses by using local heat treatment, combined with
electronic speckle pattern interferometry was attempted
by Pechersky et al. [4] and more recently repeated on
aluminum alloys in [5]. However the most explored
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approach consists in combining ESPI with incremental
holedrilling; the basic idea is to adopt the same procedure
for RS measurement as described in ASTM E837 but
replacing data obtained by the rosette with data obtained
by speckle pattern. Speckle interferometry approach,
in fact, is based upon the observation that whenever a
coherent beam of light shines on a surface a random
intensity pattern is produced as a consequence of the
interference of the light diffused by surface itself.
Displacements of the surface introduce changes in the
local phase. Having this in mind it is easy to understand
that if an hole is drilled in a material and stresses are
relaxed speckle patterns change and if the speckle pattern
is subtracted from a reference pattern correlation fringes
are obtained as those shown in Fig.1.

Fig.1 Example of ESPI correlation fringes obtained during the
hole-drilling  process.  Fringes are obtained by
subtracting the speckle pattern recorded at a given drilling
increment from the reference pattern recorded before starting
the drilling procedure. Fringes represent the loci of points of
isodisplacement along the direction of the sensitivity vector

In this paper the evolution of the ESPI-HDM technique
along the years is presented showing that systems have
become increasingly compact and easy to operate,
calculation methods have become more robust and faster
and the field of application of the technique has
increased more and more.
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2. Origin of ESPI-HDM

Pioneering works in the adoption of ESPI combined
with Hole Drilling methods are those of Furgiuele et
al.[6].The optical set-up adopted allowed to determine
three components of the displacement in the plane of the
specimen and two oblique to the plane. In order to verify
the reliability of the method the system was tested on a
steel specimen on which a well know stress state was
introduced. The centers of the fringes were detected
manually that is to say that it was a task of the user to track
them on the images and to assign them the proper order
of fringe. This allowed to determine the displacement on
the pixel along the fringes and the to obtain stresses based
upon calibration coefficients connecting the stress state to
the displacement occurring as a consequence of the
drilling procedure. In spite of the complexity of the
optical configuration adopted and of the difficulties in
speckle pattern elaboration authors obtained very
promising results that paved the way to further
developments. Analogous results, in terms of accuracy,
were obtained two years later in [7] where, instead of a
CCD camera as a recording media, photographic
emulsions were adopted.

3. Development of the technique

Attempts to simplify the optical system with respect
to pioneering works were firstly done in [8] where a
system based upon a couple of optical fibers was used to
implement a double Lendeertz configuration showing
potentialities of this technique to be implemented in a
easy to operate set-up. A similar system will be also used
later for industrial application such as RS measurement in
CD disc [9]. A simplified set up was also adopted later
where an ESPI out-of-plane interferometer was built
however, in that case, the chemical etching procedure was
used instead of hole drilling to get stress relaxation along
the depth. In the direction of implementing the technique
in a robust a portable device it is noticeable the work done
in [10], in this paper by the use of a conical mirror, an
optical configuration was obtained so that the sensitivity
vector is directed along the radius for each point of the
analyzed specimen. The system was also tested on the
field by measuring residual stresses on a pressure vessel
while the same interferometric configuration was adopted
in combination with indentation instead of hole drilling in
[11] even if a numerical model for quantitative evaluation
of RS is missing. Very huge work from the side of system
development, data analysis development and automation,
error sources evaluation and results validation was done
in the series of papers [12-15]. The system described in
those papers is quite compact; the sample is illuminated
just from one side by an optical fiber while a reference
beam is sent directly to the camera CCD by a second
optical fiber. A database of finite element solutions was
built allowing to determine surface deformation for each
combination of Young’s modulus and Poisson’s ratio,
hole geometry and stress state. Full field least square
technique was implemented to determine the stress state
as the combination of ox, oy and txy that minimizes the
differences between the measured displacements and the
modelled ones. The algorithm allowed also to take into
account the rigid body motion that can occur during the
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measurement. Furthermore some sources of errors
connected with the measurement such as the error on the
determination of the illumination and observation angles
or in the determination of the pixel size are taken into
account. Further work in this sense has be done later on
in [16] where effects of drilling parameters are considered
for aluminum and stainless steel or in [17] where
analogous analysis is carried out for Titanium grade 5. In
[18-19] other sources of errors are considered such as the
extension of the analysis area that is to say the effective
region of the acquired interferogram that will be used for
the analysis. In [20] was explored, with a good success,
the possibility to perform remote drilling operation that
means to afford issues connected with replacement of the
sample and consequent fringe decorrelation. The issue
was overcome by using a kinematic mount with two pins
and two bolts and by implementing rigid body correction
algorithms.  Optimization of the entire measurement
processes are analyzed in [21] by considering the problem
of full exploitation of all available data and in [22] by
considering the problem of the choice of the number and
distribution of drilling steps.

4. Recent Progresses

In the last decade the number of works where hole
drilling method an ESPI are used in combination to
measure residual stresses has increased very much with
applications ranging from measurement on submerged
arc welded parts [23], TIG welded structural elements
[24], FHPP welded part [25] etc.. At the same time some
alternatives approaches also started to be attempted, for
example in [26] incremental grooving was used instead
than drilling while in [27-28] cross slitting and dual-axis
ESPI  were introduced demonstrating that this
configuration gives better results with respect to the
determination of the shear stress profile. Most recent
works are devoted to the improvement of calculation
methods; in [29] the integral method for stress
computation in incremental hole drilling was modified so
that the speckle image recorded at each drill increment is
not correlated with the initial reference state but with the
image obtained at the previous step. The matrix that rules
the problem in such a case connecting incremental strain
to stresses turns out to be diagonally dominant so that all
the system is better conditioned and error amplification is
reduced.

5. Final Considerations

Literature review clearly displays how the use of ESPI
in combination with hole-drilling method has greatly
developed along the years. Technological evolution in
terms of smaller, cheaper and higher resolution CCD
camera as well as smaller and higher quality laser sources
allows now to obtain very robust and compact setup. At
the same time calculation algorithm have been refined
along the years and a series of tools have been introduced
so that fringe analysis can be considered to be a semi-
automated process that can be quite easily managed also
by a trained but not expert operator. Due to these
considerations technology appears to be mature as it is
also witnessed by the presence of commercial systems
available on the market and based upon this approach. It



is easy to foresee that this kind of approach will be
subjected to further development and spread. At the same
way it can be speculated that new research will be done
on the topic in the next years for example in the direction
to extend its application to non-isotropic materials or in
the direction to compare this approach with a more recent
one based upon detection of displacement fields by
Digital Image correlation.
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Abstract: Possibility of using waste mold sand for removal of acetic acid from the aqueous solution was studied in this article. Green
sand can be used several times in mold making. When the properties of green sand are not suitable for further use, it becomes waste. Waste
mold sand was used in this article as an adsorbent for the removal of acetic acid from the aqueous solution. During the adsorption process,
the influence of the amount of the adsorbent and contact time adsorbent/adsorbate (waste mold sand/acetic acid) on the capacity of the
adsorption process was monitored. Amount of waste mold sand was varied from 25 to 125 g. Contact times were as follows: 15, 30 and 60
minutes. The obtained results indicate that the adsorption of acetic acid on the waste mold sand occurred at all used combinations of these
parameters. However, for all used contact times, the greatest adsorption capacity is achieved when the ratio of waste mold sand/acetic acid
was 25 g/100 mL. For all the used amount of adsorbent, the highest adsorption capacity, i.e. dynamic equilibrium was achieved very quickly,
after 15 minutes. The obtained results are in accordance with the chemical composition of the waste mold sand.

Keywords: WASTE MOLD SAND, ADSORPTION, ACETIC ACID, EFFICIENCY OF ADSORPTION

1. Introduction

Today, there are various methods for the production of castings,
such as sand casting, die-casting, centrifugal casting, shell casting,
etc. Sand casting is used for production of around 80 % of castings.
This process is suitable for ferrous and non-ferrous castings.

Between the sand casting processes, green sand is the most
widely used [1 — 3]. This is actually a mixture which consists of
silica sand

(> 90 %), a binder (bentonite clay) and various additives which
improve the properties of the mixture.

Green sand can be several times used for mold making. The
properties of the green sand deteriorate with the increase in the
number of cycles of use. It becomes waste when its properties are
not suitable for further use.

Figure 1 schematically shows the status of the green sand
(waste/non-waste).
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Fig. 1 Schematic diagram of determination of the status of the green sand (waste/non-waste) [4]

Foundry sand which is not suitable for further use in the
production process of casting is recycled or disposed at an
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appropriate landfill. [5]. The annual amount of spent sand that
was created in foundries ranges from 6 to 10 million tons [5, 6].



Of this amount, only less than 15% can be recycled in a cost-
effective and safe manner [5, 6].

Recent research has focused on the possibility of using green
sand as a potential agent for the removal of heavy metals and
organic pollutants from wastewater [7]. Both types of pollutants
do not negatively affect the growth and reproduction of living
beings. However, increased concentrations can be very harmful,
carcinogenic and even deadly. For this reason, they should be
removed from wastewater. Adsorption is the most economical
method for their removal. Influence of the amount of the
adsorbent and contact time adsorbent/adsorbate (waste mold
sand/acetic acid) on the capacity of the adsorption process was
monitored in this article.

2. Materials and Methods

Waste mold sand that was used in this study originates from
one cast iron foundry in Croatia. Standard elemental analysis was
used to determine the chemical composition of the waste mold
sand. The obtained results are shown in Table 1.

Table 1: Chemical composition of waste mold sand

Composition w, %
SiO, 90,0
Al,O3 16

Fe 6,8

Ca 0,55
Mg 0,08
Mn 0,04
Ni 0,004

Mineralogical composition of waste mold sand is shown in
Figure 2.
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Fig. 2 XRD analysis of waste moud sand

The adsorption experiment was monitored a batch method. In
plastic vessels was placed 25, 50, 75 and 125 g of waste mold
sand. After that, the waste sand was placed in contact with 100
mL of acetic acid solution whose concentration was 0.1145
mol/L. Thus prepared adsorption systems were in contact 15, 30
and 60 minutes. Filtration was carried out after the expiration of
the aforementioned contact time. The concentration of acetic acid
was determined by titration with 0.1 mol/L NaOH. Adsorption
capacity was calculated from the obtained data (equation 1):

Co —Ct

g =tV &)
m
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where V is volume of acetic acid (L), m is mass of waste mold
sand (g), ¢; and c. are the initial and final concentration of acetic
acid (mol/L).

3. Results and Discussion

Influence of the contact time and amount of the adsorbent on
the adsorption capacity is shown in Figure 3.
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Fig. 3 Influence of the contact time (t) and amount of
the adsorbent on the adsorption capacity (qy)

Figure 3 shows that the best adsorption capacity was
achieved when the ratio of adsorbent/adsorbate was 25 g/100 mL.
Increasing the amount of adsorbent resulted in a decrease the
adsorption capacity for all three of contact time. The initial
concentration of acetic acid that was used in this study was
relatively low (0.1145 mol/L), and it is possible that it is not
sufficient for the binding to the larger quantity of adsorbent.

Comparison of the adsorption capacities and the contact time
adsorbent/adsorbate shows that the maximum adsorption capacity
is achieved within 15 minutes for all tested amounts of adsorbent.
Since the adsorption capacity decreases after 15 minutes, it can
be concluded that the dynamic equilibrium was achieved
relatively quickly, within 15 minutes. Adsorption capacity
decreases after 15 minutes, which may indicate the occurrence of
desorption. Desorption occurs when the adsorbate by means of
physical forces binds to the adsorbent. Physical forces are not
strong and allow release of adsorbate from the surface of the
adsorbent, which is manifested as a decrease in adsorption
capacity [8].

Regardless of the possibility of desorption, waste mold sand
can be used for the removal of acetic acid at all the studied
parameters. This is supported by the facts related to the chemical
and mineralogical composition. The mold mixture consists of
90% SiO, (Table 1, Figure 2), a binder (bentonite clay) and
various additives. Each of these components is a good adsorbent.
Addition to the mentioned components, waste mold sand contains
a certain amount of scale which also enhances its capability of
adsorption [9].

3. Conclusion

The adsorption of acetic acid from the aqueous solution on
waste mold sand can take place in the tested conditions.

The largest adsorption capacity was achieved when the ratio
of adsorbent/adsorbate was 25 g/100 mL for all three contact
times.

The increase in contact time adsorbent/adsorbate resulted in a
decrease of adsorption capacity. Dynamic equilibrium was
achieved within 15 minutes at all amounts of the adsorbent.
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Abstract: Traffic lights regulation reduces conflict points in intersection of traffic flows trajectory and provides their safety crossing. The
main in installation of traffic lights is determination of a cycle length which guarantee minimum waiting time of traffic flows at the junction.
The paper presents a calculation algorithm for the cycle length of a traffic light junction according to traffic flows intensity, saturation flows

and day periods which are have deferent intensity.
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1. Introduction

Traffic lights regulate road traffic across junctions where the
conflict zones between traffic flows are not separated from one
another. They are applied in order to increase safety and traffic
capacity. The major drawback of regulation with traffic lights there
is a waiting time of all flows crossing intersection [2]. Traffic light
regulation calls for the implementation of certain conditions. The
most influential factor when deciding whether or not to use a traffic
light at a given junction is the intensity of the traffic flows passing
through this junction.

2. Prerequisites and means for solving the problem

The main issue when regulating junctions by traffic lights is
how to determine the optimal cycle length for the existing road and
traffic conditions. For achieving minimum waiting times, it is
necessary to first determine the periods of the day when it is
possible to use different cycle lengths to regulate the traffic at a
given junction, thus differentiating rush hours from the other
periods of the day.

The length of the traffic light cycle is to a large extent affected
by the number and type of phases for allowing traffic to pass
through a given junction. They are determined according to the
specific traffic and road conditions for a given junction as follows:

- Intensity of traffic flows by direction, which largely affects
the decision which traffic flow to cross the junction in each of the
phases;

- Type of intersection — three-way intersection, four-way
intersection, etc.;

- Junction configuration — the width and number of entry and
exit lanes are decisive;

- Complexity of the junction — it depends on the number and
type of conflict points between traffic flows;

- Others — coordination with other traffic lights, pedestrian
crossings, left-turn prohibition and other considerations related to
traffic organization in the junction area.

The safe passage of traffic flows between the different phases is
ensured by the change intervals, which guarantee that the last car of
the exiting traffic flow will have exited the conflict zone by the time
the first car of the entering traffic flow reaches it. The change
intervals depend on the configuration and geometric dimensions of
the junction. From the point of view of crossing the junction safely,
their duration is the part of the traffic light cycle which cannot be
changed.

3. Results and discussion

The requirement for optimal cycle length was achieved by
developing a cycle length calculation algorithm.

The basic input data for the algorithm are:

- Intensity of traffic flows crossing the junction ( | a)» vehls;
- Length of the period of the day whereof the calculations are
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made ('[pd ), S;

- Minimum green time for each phase (tg min )» S-

The number and type of phases for allowing traffic flows to
pass through the junction are determined successively. If traffic
lights are available, they may not be changed.

The change periods are determined according to the established
conflict zones during changes of phases. One of the methods used
for this purpose is described by Moore [3].

The saturation flow is determined based on the calculated
change period.

It is assumed that the change period for a given phase (tti) is
equal to the transition time of a vehicle through the intersection
(tpc). It is determined with the help of a study which includes

measurements of the time that the vehicles in the queue need to set
off when the traffic light changes to green. The transition time of
each car in the queue and the time between them are both measured.

The results show that the headway between vehicles (Atbc)
passing through the signalized intersection is one second.

According to the transition time of a car and the headway, the
following values are determined:

A=

= , veh 1)
A bc

t,=2t,.s @)

Where:

Ae - Number of vehicles entering the intersection during the
transition time of a vehicle, veh;

'[p - Transition time of A, , s.

The saturation flow of a single lane of the roadway is
determined:

A

I = : , vehls 3)
P
The saturation flow is determined by using (4).
Iy = 15 %1, vens 4)

Where:

|t - Number of lanes for the respective flow.
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Each flow of the given phases requires enough green time ('[nfg )

to guarantee its smooth passing during the period of the day for
which the calculations are made. The required green light time is
calculated as follows:

Q)

After calculations for each flow are made, the sum of the green
n

times required for each phase Ztnfé is calculated as well, where
i=1

“i” is the number of phases.

We calculate the sum of all change periods for the whole period
of the day for which the cycle length is calculated by using the
following equation:

T2t =t —gt,?g s

We determine the number of cycles for the period of the day
whereof the calculations are made ( [\

(6)

cp):

thﬂ

Ne="7 — 0
2t
i=1
The cycle length is calculated as follows:
tpd
te=——:3 ®)
cp

After calculating the cycle length, we calculate the green time
for each phase of the cycle. For this purpose, the following ratio is
used:

—

I
Vi= Tt ©
la
The green time for each phase is calculated according to (9).
tgf =L (10)
Vi

One constraint of the algorithm is the provision of minimum
green time for each phase.

A generalized block diagram of the calculation algorithm for
cycle length for signalized intersection is shown in fig. 1.

The determined cycle length is optimal for the intersection in
the existing traffic conditions. The lengths of the phases can be
further optimized by following the algorithm described in detail in

[1].
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Input data:

]

Determine number and type of phases

]

Determine conflict zones between traffic flows in different phases and
related distance

l
Calculations for:
- Time in which last entered car of previous phase left conflict zone
- Time in which first running car of next phase reached conflict zone - Change
period for each conflict zone between different phases

]

Determine the change period of phases

Calculations for:

- Number of cars entering the intersection during the transition time of a single car of
the flow

- Transition time of a single car of the flow

- Saturation flow for one lane

Determine saturation flow of each flow

!
Calculations for:
- Needed green time for each phase for the whole period of day for which
calculations are performed
- The sum of needed green time for each phase
- The sum of change periods for the whole period of day for which calculations are
performed
- Number of cycles for the period of day whereof calculations are performed
v
‘ Calculating cycle length ‘

!

‘ Calculations for green time for each phase ‘

lartpar Tgmin

Fig. 1 Generalized block diagram of the calculation algorithm for
cycle length for signalized intersection

4, Conclusions

The presented calculation algorithm for cycle length of
signalized intersection has the following major advantages:

1. Allows calculation of the cycle length for each period of the
day regardless of its duration.

2. The input data are determined by a single analysis of the
intensity of traffic flows.

3. Little input information is required for the determination of
change periods.

4. A value of the cycle length, which is optimal in the existing
traffic conditions, is determined.

5. The determined green times guarantee the smooth passing of
cars during the given period of the day.
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Abstract: Aluminum nanostructured coatings are the promising alternatives to transparent semiconductors or metals. In this paper we
describe the fabrication of these coatings by electrochemical anodization of aluminum deposited by magnetron sputtering on a glass
substrate. The process of anodization is strictly controlled by process parameters followed by selective chemical etching of aluminum oxide.
Optical transmittance and surface resistance depend on the mesh dimensions of Al nanostructured coatings and have been investigated

theoretically and experimentally.
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1. Introduction

Main requirements for transparent conductive electrodes
(TCEs) are good transparency in a limited and well-defined range as
well as suitable conductivity. E.g., the wavelength interval
constitutes 300nm-2500 nm for photovoltaic and 400-700 nm for
displays. Nowadays the best material to reach this goal is indium tin
oxide (ITO). It is commonly used in many kinds of displays, light-
emission diodes, solar cells and other devices. The average
transmission for ITO is approximately 80-90% depending on
thickness variation. For smaller thickness, ITO has better
transmission and resistance and vice versa. The range of ITO sheet
resistance is 10-100 Q/o [1]. Assuming ITO is “ideal”, novel TCEs
should have the same properties or even better.

The metal-based thin transparent films are attractive due to their
plasmonic properties and better flexibility. Planar metal films have
poor optical performances, however a special nanostructuring can
increase the transmission. The cross-linked Cu layer with average
61 and 75% transmittance and sheet resistance 10 and 15 Q/o for
120 and 200 nm grating line width were demonstrated
correspondently [2]. Another nanostructuring shape is a nanoholey
structure. The main feature of these structures is the independence
on the light polarization at defined holes arrangement. In [3-5] data
on transmission, reflection and absorption vs different hole size,
inter hole distance and thickness are shown. Besides, development
of other types of conductive films on the base of organic materials
is an important task for flexible displays. In this paper, two simple
methods of transparent conductive metal electrodes fabrication were
proposed and realized. There optimal optical and electrical
parameters were found and systematized. In addition, some
organosilicon materials have been studied from the point of view of
their application as transparent electrodes.

2. Experimental results

Anodized aluminum transparent conductive films: A
glass substrate with 200 nm aluminum (Al) is used for the first
method of the TCEs fabrication [6]. The full process is illustrated
on Fig. 1, where, for simplicity, the holey alumina (Al,O3) is not
included. When the electrochemical anodization of Al starts the
holes grow with sphere shape. At time t, (step a) the holes (sphere)
contact with the substrate and an aluminum electrode is forming. At
this position the transparency is small and a further anodization is
required (step b). At time t;>t, the transmission increases and at
time t,>t; has the biggest values. The conductance has opposite
behaviour and has the smallest value at time t,. Thus trade-off
between transparency and conductivity is necessary.
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Fig.1. First method of TCEs fabrication
a) The beginning of Al TCE formation (time tg); b) The end of Al
TCE formation (time t; or t);
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Fig.2. Simulated optical properties for Al TCE with r=50, 57,
64, 71 nm and w=100 nm.

In order to find the optimal parameters the FDTD Lumerical [7]
and COMSOL Multiphysics [8] packages are used for optical and
electrical properties simulation accordingly. The 10-20 Q/o sheet
resistance for hole (sphere) radios r=60-70 nm and inter hole
distance w=100 nm was obtained.
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The simulated optical properties for hole (sphere) radii with
r=50, 57, 64, 71 nm and inter hole distance w=100 nm is shown in
Fig. 2. The r=50 nm and r=57 nm correspond to time t, and t;
accordingly. The r=57 nm is an intermediate time value and r=71
nm (=r0-y2) is value when conductance equals 0 Q/o. In this case
the trade-off between transparency and conductivity must satisfy
condition 1.2-1.4r to obtain the average transmission 70-80% for
range 300-1000 nm and 10-20 Q/ao sheet resistance.

The second proposed TCE formation method includes three
steps as illustrated on Fig. 3. The step a is aluminum deposition
followed by anodization and holes widening in the solution
containing phosphoric acid. Then the metal (gold Au in our case) is
deposited by e-beam evaporation (step b). The final step c is the
transfer of obtained TCE to adhesive substrate.

Optical properties for Au TCE at different hole size r=100, 150,
200 nm, inter hole distances w=2r+25, 50, 75 nm and thickness
d=25, 50 nm are simulated using commercial software FDTD
Lumerical [7]. The larger holes size provides better average
transmission, when larger inter hole distance and thickness have
opposite dependence. The Au electrode only absorbs a part of light
for the range of 300-600 nm due to localized plasmonic resonance.
At 2>700 nm the reflection increases.
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Fig.3. Second method of TCEs fabrication

a) aluminum deposition, anodizing and holes widening;
b) metal deposition;

c) metal TCE transferring.
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Fig.4. Simulated optical properties for Au TCE with r=100,
w=25 and d=25nm.

The structure with r=100 nm, w=25 nm and d=25 nm has better
average transmission for the range 300-1000 nm (Fig. 4) and equals
to 82.5%. The 10-20 Q/o values were obtained for 25-50 nm TCEs
thickness by four probe method.

Organosilicon transparent conductive films: Methods
of synthesis of organosilicon substances (OS) and formation of
dielectric films for liquid crystal alignment are described in [9,10].

Organosilicon substances with polar groups at the silicon atom
have been synthesized to make transparent films with increased
electroconductivity. There the OS comprising cyanoethyl and
phenyl (2-hexoxy) substituents at the Si atom as well as functional
ethoxy groups that interact with active substrate’s centers and form
a chemically bonded film.

To increase the film conductivity a toluene OS solution was
mixed with a micellar solution of silver nanoparticles (produced by
Nanomet Co., Moscow, Russia [11]). The solution is a triple system
of reverse micelles: water solution of an Ag salt/a surface active
substance/nonpolar solvent. The nanoparticle formation takes place
in the water nucleus of the micelle formed by molecules of an
anionic surface active substance (acid). The silver nanoparticles are
as big as 5-20 nm.

The transparent film thickness is 100-150 nm. The films formed
from the OS toluene solution are transparent and colorless. The
films formed from the OS and Silvernano-1 solution have ~20%
lower transparency, they are yellowish. Round nuclei are to watch
in a microscope photo (Fig.5). However in this experiment the film
resistance was too big for practical application in displays.
Improvement of the film structure is in progress.

Fig.5. A microphotograph of a transparent conductive film formed
from the OS and Silvernano-1 solution.

4. Conclusion

Two methods of transparent conductive metal electrodes
fabrication by electrochemical anodization technology are
presented. The obtained transmission in the range of 300-1000 nm
and its sheet resistance are the same as at ITO reference electrodes.
These electrodes can be applied in the various optoelectronic
devices. The coatings made of organosilicon materials and silver
nanoparticle solution should be improved for their application as
transparent electrodes.
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